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CLAIMS 



An interface apparatus for interfacing motion of a user manipulate object with a 
computersystem, said interface apparatus comprising: 

a usenmanipulable object being physically contacted by a user; 

a 3-D sp\tial mechanism coupled to said user object and including a plurality of members 
including a ground member, said spatial mechanism providing at least three degrees of freedom to 
said user manipulate object, said three degrees of freedom including two degrees of freedom 
provided in a planar Vorkspace and a third degree of freedom provided as rotation of said planar 
workspace about an axts with respect to said ground member; 

three actuators rigidly coupled to said ground member of said spatial mechanism, said 
actuators operative to apply forces in said three degrees of freedom to said user manipulate object 
in response to electrical signal\from said computer system; and 

a sensor for detecting a portion of said user manipulate object in three-dimensional space 
and outputting sensor signals to sai<rcomputer system. 



2. An interface apparatus as recited in claim 1 wherein a first and second of said actuators- 
apply force in said planar workspace and a\hird of said actuators applies force about said axis. 



3. An interface apparatus as recited in claim 2 wherein at least some of said plurality of 
members of said spatial mechanism are formed as a closed loop linkage that provides said planar 
workspace. 

4. An interface apparatus as recited in claim 3 wherein said closed loop linkage includes 
five members, and wherein each of said five members of said closed loop linkage is rotatably 
coupled to at least two other members of said linkage, said five member linkage providing two of 
said three degrees of freedom. 



5. An interface ap 
linkage includes: 



atus as recited in claim 4 wherein said closed loop five member 




a local ground member rotafcably coupled to said ground member; 
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first and sec\nd base members, each base member being coupled to said local ground 
member; and 

first and second cfemral members, said first central member having an end coupled to said 
first base member and an endvcoupled to said user object, and said second central member having 
an end coupled to said second Base member and an end coupled to said first central member. 

6. a\ interface apparatus as recited in claim 4 wherein one of said members of said closed 
loop linkage f6 a rotatable carriage rotatably coupled to said ground member, said carriage 
providing said t\ird degree of freedom. 

7. An interface apparatus as recited in claim 2 further comprising transmitting a force from 
one of said actuator\to said spatial mechanism using a capstan drive mechanism, said capstan 
drive mechanism including a cable and pully for transmitting said force. 




An interface apparatus as recited in claim $ further comprising two capstan drive 
mechanisms, each coupled between one of said actuators and said closed loop linkage, wherein 
each of said capstan drive mechanisms includes a drum coupled to said carriage and a pulley 
coupled to one of said actuators, wherein a member of said linkage is coupled to said drum, and 
wherein said drum is coupled to said pully b^ a cable such that said actuator is operative to rotate 
said pulley and thereby transmit force to said linkage with no substantial backlash. 



9. An interface apparatus as recited in claim 2 wherein said user manipulable object 
includes a stylus. 

10. An interface apparatus as recited in claim 2 wherein said user manipulable object 
includes at least a portion of a medical instrument. 

11. An interfaces apparatus as recited in claim 4 further comprising a floating gimbal 
mechanism coupling said Vie of said plurality of members to said user manipulatable object to 
provide rotational movement for said object in a fourth degree of freedom. 



A 
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An interface apparatus as recited in claim where in said floating gimbal mechanism 

provides rotational movement for said user manipulable object in a fifth degree of freedom. 

An interface apparatus as recited in claim^f further comprising: 

a fourth degree of freedom transducer coupled between members of said floating gimbal 
mechanism; and 
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a fifth degree of freedom transducer coupled between members of said floating gimbal 
mechanism. 
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14. An interface app^atus as recited in claim 13 further comprising a capstan mechanism 

coupled between said members d£_shid floating gimbal apparatus, said capstan mechanism 

including a pulley coupled to ort^6f said fourth and fifth degree of freedom transducers and a 

rotatable drum coupled between saik members of said floating gimbal mechanism. 

- — ■ y<2> I / 

4*5: An interface apparatus as recited in claim-l^wherein said user manipulate object is 

rotatable about a longitudinal sixth axis of said object to provide a sixth degree of freedom for said 

object, and further comprising a sixth degree of freedom transducer coupled between said object 

and said floating gimbal mechanism. 
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16. An interface apparatus for interfacing motion of a user manipulate object with a 
computer system, saidmterface apparatus comprising: 

a user manipulate, object being physically contacted by a user; 

15 a linkage of a plurality of members coupled to said user manipulate object, wherein said 

object has first and second degrees of freedom provided by said linkage; 

a rotatable carriage counted between said linkage and a ground, said rotatable carriage 
providing a third degree of freeUonwdsaid user manipulate object; 

first, second, ajid third aqtuaj^fs coupled to said ground and operative to provide forces in 
20 said three degrees of freedom in response to actuator signals from said computer system; and 

a plurality of sensors, at least one of said sensors coupled to said linkage and at least one of 
said sensors coupled to said rotatable carriage, said sensors sensing a position of said object in said 
three degrees of freedom and outputting sensor signals to said computer system. 



25 17. An interface apparatus as recited in d^aim 16 wherein said linkage and said carriage 

form a closed loop five member linkage. 

18. An interface apparatus as recited in claim \ 6 wherein transmission of force from said 
first and second actuators to said object along first and second degrees of freedom is provided via a 
capstan drive included for each of said first and second actuators, wherein said capstan drives are 
30 coupled between said first and second actuators, respectively, and said linkage. 
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28v A mechanism as recited in claim 27 further comprising a plurality of sensors coupled 
to said mechanism, said sensors sensing a position of said user manipulatable object in said first 



and second degrees of freedom. 



29. A mechanismXs recited in claim 27 wherein said second axis is substantially 
perpendicular tp-saktfosfaA 




30. A mechanism as recited in claim 27 further comprising a linkage of members coupled 
between said user manipulatable object and said drum. 

31. A mec\nLi as recited in claim 30 further comprising a second capstan drive, said 
second capstan drive ir^clu^ng: 

a second capstan d'mikcoupled between said usermanipulable object and said carriage and 
rotatable about a third axis\to\al!ow said user manipulable object to be moved in a planar 
workspace having said first degred\pf freedom and a third degree of freedom; 

a second actuator coupled^to srtki ground surface and being controllable to provide a force 
15 in said third degree of freedom of said us^r manipulable object; and 

\ 

a second pulley coupled to sai&^sec<W actuator, said second pulley being coupled to said 
second capstan drum by a second flexible member. 

32. A mechanism as recited in claim 31 further comprising a third actuator coupled to said 
ground surface, said tjiird actuator providing^ forc^sin said second degree of freedom, wherein 

20 said three actuators are each coupled to said ground surface. 



\ 



33. A mechanism as recited in claim 32 further comprising a third capstan drive coupled 
between said carriage and said third actuator, said\third capstan drive including a third capstan 
drum rigidly coupled to said carriage and rotatably coupled to said ground surface, a third pulley 
coupled to said third actuator, and a third flexixible member coupW between said third drum and 



"25— -^said third pulley. 
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g& A mechanism as recited in claimj^wherein said flexible members are metal cables. 




[35. A mechanism as recited in claim 27 wherein saiduser manipulable object is a stylusT~7 



36. A mechanis 
instrument. 




recited in claim 27 wherein sai d user nfiarrtpula b lc o bj ec t i n n m r vtin aL 
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19. An interface apparatus as recited in claim 18 wherein transmission of force from said 
third actuator to saM object is provided via a third capstan drive coupled between said carriage and. 
said ground. \ 

20. An interface\^parttus as recited in claim 18 wherein said first and second capstan 
drives each include a cadstan kauiKcoupled to said carriage, a pulley coupled to a grounded 
actuator, and a flexible cabfe^oupled between said capstan drum and said pulley, wherein torsional 
flexibility of said cable allows Said carriage and drum to move with respect to said pulley." 

21. An interface apparatuses recited in claim 16 further comprising a plurality of sensors 
operative to sense a position or an orientation of said object in fourth, fifth and sixth degrees of 
freedom of said object. _ 



22. A mechanical interface apparatus for interfacing motion of a user manipulable object 
with a computer system, said interface apparatus comprising: 

a useVmanipulable object being physically contacted by a user; 

a 3-D spatial mechanism coupled to said user object and including a plurality of members 
including a ground member rigidly coupled to a ground, said spatial mechanism providing at least 
three degrees of freedom to said user manipulable object; 

three actuators rigidly coupled to said ground member of said spatial mechanism, said 
actuators operative to abply forces in said three degrees of freedom to said user manipulable object 
in response to electrical signals from said computer system, said three actuators being decoupled in 
force from each other suosh that none of said actuators can apply a force to any of said other 
actuators; and \ 

a sensor for detecting ^position of said user manipulable object in three-dimensional space 
and outputting sensor signals toVsaid computer system. 

23. A mechanical interface apparatus as recited in claim 22 wherein said actuators provide 
forces in said three degrees of freedom using tensioned cables, wherein tension in each of said 
cables is independent of a tension in saM other cables. 

24. A mechanical interface apparatus as recited in claim 23 further comprising two capstan 
drive mechanisms, each coupled between ohe of said first and second actuators and said plurality 
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\of members, wherein each of said capstan drive mechanisms includes a drum coupled to one of 
lid members and a pulley coupled to one of said actuators, wherein a member of said linkage is 
cotmled to said drum, and wherein said drum is coupled to said pully by said cable such that said 
actuator is operative to rotate said pulley and thereby transmit force to said linkage with no 
substantial backlash. 

15. A mechanical interface apparatus as recited in claim 22 wherein said three degrees of 
freedom including two degrees of freedom provided in a planar workspace and a third degree of 
freedom provided as rotation of said planar workspace about an axis with respect to said ground 
member. 

26. Amechanical interface apparatus as recited in claim 25 wherein said two of said 
degrees of freedom are in a planar workspace provided by a parallel link mechanism, and a third of 
said degrees of freedom is provided by rotating said parallel link mechanism about an axis with 
respect to said groubd member. 



27. A mechanisimfor providing computer-controlled forces on a user manipulable object, 
the mechanism comprising\ 

a user manipulable obWt graspable by a user; 

an actuator coupled between a ground surface and said user manipulable object and being 
controllable to provide a force in \ degree of freedojn of said user manipulatable object; 

a capstan drive coupled between said user manipulable object and said actuator, said 
capstan drive including a capstan drum coupled to said user manipulable object and rotatable about 
a first axis and a rotatable pulley copied to and rotatable by said actuator, wherein a flexible 
member is coupled between said drum\and said pulley to transmit rotational force between said 
drum and said pulley; and 

a carriage rotatable with respect to Wid ground surface about a second axis, wherein said 
drum is rotatably coupled to said carriage, and wherein said capstan drum and said user 
manipulable object may be rotated about saidNsecond axis while said actuator and said pulley are 
fixed to said ground surface and do not rotatfe about said second axis, wherein said flexible 
member is twisted from said rotation about said second axis; 

whereby said user manipulable object is provided with a first degree of freedom about said 
first axis and a second degree of freedom about said secgnd axis. 



W. A mechanism as recited in claim 30 wherein said user manipulate object is coupled to 
said linkage of members by a floating gimbal mechanism that provides at Iesat two additional 
degrees of fr^p dom to said user manipulable object. 



38. A hm^h-computer interface mechanism comprising: 

s\ 

a user manipq)cble object; 

a linkage of members providing two degrees of freedom to said user manipulable object; 



a floating "gimbal i^edianism coupling said user manipulable object to said linkage, of 
members, said floating gimb^rnechanism including: 

a plurality of rotatably o^^led gimbakmembers, said gimbal members providing two 
rotary degrees of freedom said usenn^nipulable^object; 

a sensor provided for eactf ofiT^k^gimbal members for measuring a position of said 
members relative to each other in one! o^W^fotary degrees of freedom, such that each sensor 
measures motion in a different rot^jxgvc^f freedom; and 

a capstan mechanism coupled betweeirseach of said sensors and one of said gimbal 
members, each of said capstan mechanisms including\a capstan drum rotatable about an axis of 
one of said rotary degrees of freedom and a pulley coupled to said sensor and coupled to said 
drum by a flexible member. ^ ^ 



39. An interface mechanism as recited in claim 38. wherein said floating gimbal 
mechanism is rotatably coupled to said linkage of members, therebyproviding an additional rotary 
degree of freedom to said user manipulable object. 

40. An interface mechanism as recited in claim 38 wherein ahyMermediate, member is 
coupled between said gimbal members of said floating gimbal mechanisms 

41. An interface mechanism as recited in claim 38 wherein said twisrrotary degrees of 
freedom provided by said floating gimbal mechanism are substantially perpendicular^ to each other, 
such that axes of rotation for said rotary degrees of freedom are substanfi^Hy mutually 
perpendicular. 
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42. \n interface mechanism as recited in claim 41 wherein said flexible member is a 



cable. 



r 



43. An ii^*Mface_mechanism as recited in claim 40 wherein said gimbal members are 
substantially U-shaped and are coupled to each said intermediate member approximately at legs of 
said U-shape. \ \ 
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44. An interface mechanism as recited in clair^38/wherein said capstan mechanism 
provides at least a 4:1 mechanical reduction in motion between said capstan drum and said pulley. 

45. An interface melanism as recited in claim C5) wherein said user manipulable object is 
a stylus. v ^ 

46. An interface mechanism as recited in claink^S^vherein said user manipulable object is 
at least a portion of a medical instrument. 



47. A method for interfacing m< 
the method comprising: 



rtioti <k a user manipulable object with a computer system, 



providing a linkage of members movable^such that an object engaged with said linkage has 
first and second degrees of freedom; 

providing a rotatable carriage between said linkage and a ground, said rotatable carriage 
providing a third degree of freedom to said object; 

actuating a force in each of said three degrees ofVreedom using first, second, and third 
actuators, wherein said three actuators are each fixed to a single ground; and 

sensing a position of said object in each of said three degrees of freedom; and 

providing electrical signals to and from a computer system for controlling said force and 
relaying said position. 



48. A method as recited in claim 47 wherein said linkage is aVclosed loop five member 



25 linkage. 



49. A method as recited in claim 47 wherein a transmission of forte from said first and 
second actuators to said object along first and second degrees of freedom is provided via a capstan 
drive included for each of said first and second actuators, wherein said capstan drives are coupled 
between said first and second actuators, respectively, and said linkage. 
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50. A method as recited in claim 49 wherein transmission of force from said third actuator 
to said object is provided via a third capstan drive coupled between said carriage and said ground. 

51. ANpethod as recited in claim 49 wherein said first and second capstan drives each 
include a capstan ndrum coupled to said carriage, a pulley coupled to a grounded actuator, and a 
flexible cable coupled between said capstan drum and said pulley, wherein torsional flexibility of 
said cable allows said carriage and drum to move with respect to said pulley. 

52. A method as redted in claim 47 further comprising a step of transducing an electrical 
signal for fourth, fifth and soah degrees of freedom of said object using fourth, fifth, and sixth 

- transducers, respectively. \ 

53. A surgical simulator lor simulating medical surgery on a patient, the simulator 
comprising: \ 

a human body part model having^ point of entry; _ 

a medical instrument provided on atfirsLside of said human body part model, said medical 
instrument extending through said point of emry of said model to a second side of said model; 

a floating gimbal device coupled to sm& mefiical instrument, said floating gimbal device 
providing three degrees of freedom to said n^dic^nstrumerffT~ 

a force feedback interface device coupled to\aid floating gimbal device, said force feedback 
interface device providing movement to said medicalVistrument in three dimensions separate from 
said three degrees of freedom and providing forces\to said medical instrument in said three 
dimensions, said force feedback device being coupled to a ground on said second side of said 
human body part model and including three actuators for generating said forces; and 

a plurality of ( sensors coupled to said gimbal mechanism and to said force feedback 
interface device for sensing a position and orientation of said n^edical instrument. 

54. A surgical simulator as recited in claim 53 wherein said three actuators are fixed to 
said ground and stationary with respect to said ground. \ 

55. A surgical simulator as recited in claim 54, wherein said sensors and said three 
actuators are coupled to a host computer. \ 

56. A surgical simulator as recited in claim 55, wherein said setasors and said three 
actuators are coupled to a local microprocessor that is coupled to said host computer, said local 
microprocessor being separate from said host computer. \ 



